The identification of a number of c/s-elements which direct gene expression in maize endosperm, and the characterization of corresponding DNA binding proteins, point to the interaction of different classes of transcription factors in this tissue. To assess whether MADS box genes are also involved in maize endosperm development, cDNA and genomlc MADS box clones have been isolated. The three cDNA clones ZEM1, ZEM2 and ZEM3 were cloned from a maize endosperm cDNA library using a probe based on sequences conserved in plant MADS box genes. 
INTRODUCTION
Maize endosperm development has been extensively studied as a model system to investigate plant developmental processes. In this tissue complex genetic controls determine the final morphology of the grain (1-3). Moreover, frans-acting regulatory proteins have been identified in seed-specific developmental pathways leading to storage protein synthesis (4, 5) , seed pigmentation (6, 7) and seed dormancy (8) . All these are processes taking place during the last maturation phase of endosperm development from 12 days after pollination (dap) to maturity. Based on their sequence and interaction with target promoters, different transcription factor families have been shown to be involved including basic region/leucine-zippers (OPAQUE-2), helixloop-helix proteins (R) and Myb-like factors (C7).
The MADS box genes represent a further family of regulatory factors active in plants. Members of this gene family share a highly conserved motif, designated the MADS box (9), a sequence-specific DNA-binding and dimerization domain (10) (11) (12) . In plants, the MADS proteins best described to date are expressed during floral organogenesis, where they play a key role in regulating organ identity (reviewed in 13). However, a number of plant MADS box genes are also expressed in vegetative tissues such as leaf (14) (15) (16) , root (17) and shoot apical meristem (17, 18) , indicating that plant MADS box gene function is not restricted to floral development
The functions of MADS box-homologous genes so far identified in yeast and animals are quite different. The differentiation of mating type in MATa and MATa yeast cells is a combined function of the product of the MCM1 protein interacting with the gene products of a-or a-specific genes (19) . In mammals, the regulation of cell growth is controlled by SRF (10) , while genes of the MEF2/RSRF family are involved in muscle development in man (20) (21) (22) (23) (24) . However, most MADS box-homologous genes characterized to date share an involvement in the control of cell differentiation and cell-type specificity. This regulation is effected through binding of the encoded proteins as homo-or heterodimers to target sequences, which conform to the consensus CArG (20, 25) .
The presence of canonical CArG-boxes in the promoters of endosperm-specific genes, like O2 and C7, suggested a possible role of MADS box transcription factors in the regulation of endosperm-specific processes. An RT-PCR MADS box probe was therefore used to isolate a series of cDNA clones from a 10 dap endosperm library, termed ZEM (Zea endosperm MADS box gene). Analysis of the corresponding genomic clones indicated that this group of MADS box genes encodes a series of transcripts via alternative splicing.
MATERIALS AND METHODS

Polymerase chain reaction
Single strand cDNA was synthesized from 8 (xg poly(A) + RNA isolated from 12 dap maize seed (var. Lorena) using the primer 5'-GAATTCGGATCCAAGC(T)20-3'. PCR was performed using the degenerate second primers: 5'-A(G/QATCAA(G/A)-(aA)GIAT(A/T/C)GA(G/A)AAT-3' (T-nucleotide end primer, * To whom correspondence should be addressed . After 25 cycles with an annealing temperature of 40 °C, fresh Taq polymerase was added for a second amplification round using the same cycling program. The gel-purified amplification products were subcloned blunt-end into the Smal restriction site of the vector pGEM3Zf(+) (Promega) for sequencing (pB clones).
For the RT-PCR analysis using sequence-specific primers, cDNA from 10 ng poly(A) + RNA template was amplified for three cycles with an annealing temperature of 50°C followed by 32 cycles with annealing at 65 °C. The sequences of the ZEM domain-specific oligonucleotides are:
5'-TGGAAGATCTAGGGGCAAGATa3AGATC-3' (MADS box 5'primer), S'-TGGAGATCTAGCCACCGACCTTGAAGT^ (ZEM 1/3 domain 3' primer) and 5^ATCCCCCGGGGCAATTCTAGATCTATCTTG-3 / (ZEM1 domain 3' primer).
The underlined sequences correspond to the cDNA sequences shown in Figure 2 . The amplification products were digested at BglH restriction sites in the 5' ends of the primers and cloned into the BamHl site of pUC 18.
Screening of cDNA and genomic libraries
A maize cDNA library made from poly(A) + RNA of wild-type (A69Y+) 10 dap endosperm using a AZAPII cDNA cloning kit (Stratagene) was screened with a 32 P-labeled fragment of the PCR clone pBl 1 (probe a+b; Fig. 3 ). Plaques (-6 X 10 4 ) were screened by hybridization at 62°C in 5 x SSPE (1 x SSPE is 0.15 M NaCl, 10 mM sodium phosphate, 1 mM EDTA, pH 7.4), 5 x Denhardt's solution (1 x Denhardt's solution is 0.02% Ficoll, cgtac«tctgcgtogtctcct*ctcgatctatagoteo$tcgtcoeccatcttcagaaat 60 0.02% PVP, 0.02% BSA), 0.5% SDS, 100 [Xg/ml salmon sperm DNA, for 20 h, followed by washes in 2 x SSPE at 55°C. The probe was pre-hybridized to a pUC-filter for 2.5 h at 68°C to reduce plasmid background signal.
The restricted phage DNA. MADS box containing DNA fragments were subcloned into the pUC18 vector for sequencing.
RNA and DNA gel blot analysis
Poly(A) + RNA was obtained from the whole detached seed, developing endosperm, pericarp at 14 dap, embryo at 20 dap, root of germinated seedling and leaf from 3-week-old plants as previously described (27) . Samples were isolated from the developing seed by cutting off the top and one side of the seed coat, removing the endosperm and discarding the embryo. The remaining husks were taken as the pericarp sample. The unfertilized caryopsis was isolated 5 days after the time point of silk emergence from the husk leaf. Poly(A) + RNA samples (2-6 u,g) were separated on 1.5% agarose gels containing 6% formaldehyde and 1 x MOPS buffer (20 mM 3-[Af-morpholino] propanesulfonic acid, 5 mM sodium acetate, 1 mM EDTA, pH 7.0) and transferred onto Hybond-N membranes (Amersham). Filters were hybridized overnight at 42°€-rn 5 x SSPE, 50% deionized formamide, 5 x Denhardt's solution, 0.5% SDS and 200 ng/ml salmon sperm DNA, and washed in 2 x SSPE, 0.1% SDSat42°C.
Genomic DNA was isolated from 4-week-old maize leaves (28) . Samples (5 \ig) were digested, fractionated by agarose gel elecrophoresis, and blotted onto N-Hybond membranes (Amersham). Hybridization and washing was performed at 64°C as for the library screenings.
DNA and RNA gel blots were hybridized with gel-purified, labeled PCR probes (a-e) that correspond to the different domains of the cDNA clones (see Fig. 3 A) . A parsley polyubiquitin probe (29) was used to control uniform quantities of RNA were loaded. Filters were exposed to Kodak XAR-5 film for 4-14 days.
GUS fusion constructs
For the GUS fusion constructs (Fig. 8) the Notl-Hindm fragment of the genomic clone of ZEMa (815 bp) as well as that of the cDNA clones ZEM1 (145 bp) and ZEM3 (310 bp) were subcloned into a Notl-HindlR digested M13mpl8 vector mutagenesis cassette that carries the Sacl-HindHl polylinker fragment of pBluescript (Stratagene). In vitro mutagenesis was performed using the T7 Sculptor mutagenesis kit (Amersham). The suppression of the two stop codons UAG in the reading frame of the ZEM3 GUS fusions was obtained by point mutation of the adenines (see Fig. 2 , nucleotides 512 and 653 of ZEM3) in both the genomic and cDNA fragment to give UUG (ZEM3SUP,  ZEM3SUP AT and cZEM3). The insertion of a thymidine one nucleotide before the HindHi restriction site of the genomic and ZEM1 fragment (see Fig. 2 , between nucleotides 503 and 504 of ZEM1) results in the mutated sequence CCAT*AAGCTT present in ZEM 1 IN, ZEM 1DM
AT and cZEM 1. In addition, in the 5' splice site mutant constructs ZEM 1 IN* 1 " and ZEM3SUP AT , the 5' splice site consensus GT in the intron was changed to AT. The Ncol-Notl fragment, comprising the N-terminal part of the ZEM clones fused to an artificial start codon was subcloned together with the mutated /vofl-HindHI fragment into the Ncol restriction site of the 35S GUS vector pRT103GUS (30) .
Particle bombardment
Maize wild-type ears (A69Y + ), harvested between 13 and 16 days post-pollination, were surface-sterilized for 20 min in 7% NaOG containing 0.1 % SDS and rinsed in sterile water for 2 min. Radial endosperm cross-sections were dissected direcdy from die ear and seven discs were placed on a filter paper (Whatman No. 4,2.5 cm diameter) in Petri dishes witii solid medium. The medium (31,32) was supplemented wim 0.6% agar, 3% sucrose, 8.2 g/1 total amino acid mix and 0.5 g/1 Claforan (Hoechst, Frankfurt, D) as antibiotic agent, adjusted to pH 5.8 with potassium hydroxide. Qiagen-purified plasmid DNA (Qiagen, Diisseldorf) (10 ug) was coated onto 3 mg gold particles of 1.6 urn diameter according to the manufacturer's instructions (Dupont, Wilmington, USA). Seven endosperm slices were bombarded using the PDS-1000/Helium gun (Biorad) and rupture discs of 1100 p.s.i. (Biorad). After incubation at room temperature for 2 days in the dark, the endosperm was stained by incubation overnight with the GUS substrate X-Glc (5-bromo 4-chloro 3-indolyl P-D-glucuronic acid) (Biomol) in 100 mM sodium phosphate pH 7,0.1% Triton X-100.
RESULTS
Structure of the ZEM cDNA dones isolated from maize endosperm
An RT-PCR was performed on poly(A) + RNA isolated from maize seed using degenerate MADS box primers, based on sequences conserved between the plant genes DEFICIENS and AGAMOUS (Fig. 1) . The two primers differ only in their 3-terminal nucleotide reflecting two possible codon usages for asparagine in die peptide IKRIEN that is conserved between the two known sequences. The largest of four cloned PCR products (pB clones) containing a MADS box sequence (pB 11, Fig. 3 ) was chosen to screen a maize cDNA library made from 10 dap endosperm. Three cDNA clones, designated ZEM1, ZEM2 and ZEM3 were isolated. As shown in Figure 2 , each contains an open reading frame encoding a putative protein with a MADS box domain. The open reading frames of ZEM2 and ZEM3 are the same. Sequence comparison at the amino acid level showed this conserved region was most homologous to the AGAMOUS and AGL1/AGL5 MADS domains of Arabidopsis (14, 33) containing only four conservative amino acid substitutions through a stretch of 56 amino acids. At die nucleotide level it most resembled the ZAG1 MADS box of maize (34) which is 92% identical in sequence. Outside the MADS box, no odier homologies to DNA sequences stored in the GenBank or EMBL data bases were found. An N-terminal domain upstream of the MADS box was present in the three ZEM encoded proteins, as has also been reported for AGAMOUS. No longer cDNA containing a putative ATG translation start codon has so far been identified. In contrast to most plant MADS box genes, the ZEM clones do not contain a K-box. This is a leucine-rich conserved domain of the coiled-coil keratin type positioned -30-50 amino acids Cterminal of the MADS box, probably mediating protein-protein interaction (14, 15) . All me ZEM clones possess, instead, a very short C-terminal region, comprising 86 amino acids for ZEM1 and 43 amino acids for ZEM2 and ZEM3.
The ZEM2 gene family
The ZEM cDNA clones ZEM 1-3 have identical nucleotide sequences in their shared domains (Fig. 2) . It was therefore hypothesized that all three ZEM clones might have arisen from die same gene by alternative splicing. This hypothesis was subsequendy supported by their extensive nucleotide sequence identity wim the genomic clone of ZEMa, the presence of conserved exon-intron boundaries for each cDNA clone in the ZEMa sequence (Fig. 3B) and transient expression studies (see below). In Figure 3A , me type and position of splicing events needed to generate the transcripts ZEM 1-5 from ZEMa are indicated. (The origin of ZEM4 and ZEM5 will be described later.)
The hybridization of a maize genomic library (kindly provided by A. Gierl, IAPMB, Miinchen) under moderately stringent conditions wim the same probe as that used for screening the cDNA bank, comprising the MADS box [probe (b), Fig. 3 A] and the DNA sequence present in both ZEM2 and ZEM3 clones [ZEM2/3 domain probe (a), Fig. 3A ] resulted in me isolation of seven MADS box-containing genomic clones. Further analysis by PCR and sequencing showed that they represented at least three related genes, ZEMa, ZEMb and ZEMc (Fig. 3B) , all containing the ZEM2/3 domain C-terminal and the 5' domain N-terminal to the MADS box. The nucleotide sequences of ZEMa, ZEMb and ZEMc are 97% identical throughout corresponding exons and throughout those introns marked by a thickened line in Figure 3B . ZEMa contains all the domains present in the three cDNA clones and its sequence shows 100% identity in each exon.
Southern blot analysis of genomic maize DNA with die MADS box probe (b) revealed a minimum of 13 strong hybridizing bands (Fig. 4 A) , indicating the existence of a large number of genes in maize containing the MADS box sequence. The same filter was hybridized with probe (a) corresponding to me ZEM2/3 domain. Hybridizations with this probe still resulted in four to five bands (Fig. 4B) , suggesting the existence of a family of MADS box genes characterized by the presence of the ZEM2/3 domain, designated here as the ZEM2 gene family. Figure 3C shows the relationship of the ZEM2 subfamily within the MADS gene family and gives the designations used in the following text. 
Expression of ZEMa encoded transcripts
Gel blots of poly(A)
+ RNA from a series of maize tissues were hybridized with different probes to investigate the sites of expression of the various ZEMa spliced forms (Fig. 5) . Probes (a)-(e) correspond to the different ZEM domains and their positions are indicated in Figure 3 A. Transcripts were found in all tissues analysed with the exception of pollen.
Hybridization with the ZEM 1/3 probe (c) revealed the presence of one band in each tissue, a result consistent with the similar lengths of ZEM1 and ZEM3 cDNA clones (0.89 and 0.90 kb). The signal presumably represented the superimposed expression of these two transcripts. The highest level of expression was present in leaf.
Using the ZEM1 probe (d), the ZEM1 message was strongly expressed in leaf and only very weakly in the endosperm (10 dap) and in other tissues. A further transcript, termed ZEM4, also hybridized to probe (d), but was expressed more uniformly in different tissues if compared with the ubiquitin control. The size of this mRN A, -200 bp shorter than that of ZEM 1, and its absence in the ZEM 1/3 probe (c) hybridization, indicate that it might have arisen by splicing out ('skipping') of the second exon of ZEM1 (Fig. 3A) . This origin of ZEM4 was verified by cloning and analysis of the corresponding PCR product obtained with a MADS box and a ZEM1 domain primer pair positioned as in Figure 3 (described in next section: RT-PCR).
The RNA blot hybridization using probe (e) (5' end of ZEM 1-3), showed the same expression pattern as that of the ZEM1 probe (d), strongly indicating that the RT-PCR clone ZEM4 also contains the 5 domain of the three cDNA clones ZEM 1-3.
Besides the ZEMa gene, ZEMb and ZEMc also contain the 5' domain, but not the ZEM1 domain sequence (see Fig. 3B ). However, the similar strength and distribution of the signals in the two hybridizations (e) and (d) suggest that those in (e) are mostly due to expression of the ZEMa gene.
The hybridization (e), however, was different from the one obtained with the ZEM 1/3 probe (c). As mentioned above, the signal seen with the ZEM 1/3 probe covers both ZEM 1 and ZEM3 mRNAs. It should represent mostly ZEM3 expression, if the ZEM1 contribution to this signal is very small, as is evident from the ZEM1 probe hybridization. Because the cDNA sequence of ZEM3 also contains the 5' domain, all strong signals ascribed to ZEM3 in panel (c) should be visible in the corresponding RNA blot revealed by the 5' end probe (e). Apparently this is not the case, indicating the existence of a further 1.2 kb transcript, which must contain the ZEM 1/3 domain, but not the 5'-and the MADS box-related domains.
Hybridization of the RNA blot with the MADS box probe (b) gives similar signals to those observed for the ZEM1 and the 5' domain probes, with the addition of strong hybridization in the whole seed and pericarp samples. This is attributable to cross-hybridization to the maize flower-specific ZAG transcripts (34) as the MADS box sequences of ZAG1 and ZEMa are 92% identical.
To determine whether specific ZEM mRNAs were expressed during maize endosperm development, RNA gel blots of poly(A) + RNA from endosperm and whole seed harvested between 5 and 20 dap were hybridized with probe (d) (Fig. 6 ). This detected ZEM1 mRNA in endosperm from 14 dap which was elevated in 20 dap endosperm, taking into account the different amounts of RNA loaded. The signal seen in the whole seed sample could be accounted for entirely by the endosperm component. Although ZEM1 signal was not visible in 10 dap endosperm in the RNA blot analysis, its isolation by RT-PCR, and from an endosperm cDNA from this stage showed a basal expression there. The level of ZEM1 mRNA was nevertheless similar to that of ZEM4 transcript at 14 and 20 dap. The strong ZEM4 signal in the young seed (5 dap) may be derived from the nucellar tissue, as high ZEM4 expression was also observed in the unfertilized caryopsis (data not shown). Its level in the whole seed then decreases during development, especially between 5 and 12 dap. In this differentiation phase of endosperm development the nucellus is gradually replaced by the very rapidly growing endosperm body and the remaining nucellar cells are compressed to the outer edge of the kernel cavity (35) . Thus, the decrease of the ZEM4 signal might be due to dilution of maternal tissue in the developing whole seed. In addition, however, a lower level of ZEM4 transcript was also present in the endosperm itself, as seen in the 14 and 20 dap samples.
Transcript distribution by RT-PCR analysis
The characterization of the genomic clones corresponding to ZEMa, ZEMb and ZEMc indicates that a small family of closely related genes exists in maize. Therefore, in an RNA blot hybridization the possibility of co-hybridization of their transcripts arises. To demonstrate that ZEA/a-derived transcripts of sizes predicted from the RNA blot analysis (Figs 5 and 6) were present and to check for the possible existence of further ZEM transcripts, a series of RT-PCR experiments were carried out (for primers see Fig. 3A) .
The amplification products of cDNA reverse-transcribed from poly(A) + RNA of maize seed, leaf and embryo using a MADS box-specific and a ZEM 1/3 domain primer (lanes 2,8 and 10) are shown in Figure 7 . Products corresponding in size to that of ZEM1 (290 bp, compare with ZEM1 control in lanes 4 and 12) are clearly present in all three tissues. This confirms the presence of ZEM1 transcript also in young endosperm and embryo which is only faintly visible on RNA blot hybridization with probe (d) (Fig. 5) . In the same PCR (lanes 2, 8 and 10), low level amplification products corresponding to ZEM3 were noted in all three tissues (450 bp, compare with ZEM3 control in lanes 6 and 14), indicated by a small arrow in Figure 7 .
One further novel transcript, ZEM5 (see Fig. 3A ), was identified by cloning a 170 bp RT-PCR product obtained with the above-mentioned primers from 17 dap maize endosperm. The corresponding RT-PCR product from 10 dap seed is indicated by the large arrow in lane 2, and its structure is given in Figure 3A . This product was also found in leaf and embryo (large arrow in lanes 8 and 10).
In a corresponding RT-PCR with the same MADS box primer and a ZEM1 domain primer, the ZEM4 transcript (Figs 3A and 5), was amplified in seed, leaf and embryo (data not shown). Its product size of 350 was 180 bp shorter than that of the co-amplified ZEM1 product (530 bp), which is consistent with the size difference seen between ZEM1 and ZEM4 transcripts detected by probe (d) (Fig. 5) . Cloning and sequence analysis of the PCR products confirmed the structure of ZEM4 shown in Figure 3A . Nucleotide sequences of the ZEM1-and ZEM4-derived PCR products from seed, leaf and embryo (two were analysed from each mRNA and each tissue) clearly supported the conclusion that in the different maize tissues, identical transcripts were derived from the gene ZEMa, rather than from related genes of the same family.
Together, the RT-PCR experiments showed that besides the cDNA clones ZEM 1, ZEM2 and ZEM3, the alternatively spliced lanes 4 and 12) , ZEM2 (lanes 5 and 13) and ZEM3 Ganes 6 and 14) were amplified using a MADS box primer together with a ZEM1/3 domain primer (see Fig. 3A ). In lanes 1 and 12 a DNA size marker was loaded. The low level amplification products of the ZEM3 transcript are indicated by small arrow, while those of the ZEM5 signal are marked with a large arrow (lanes 2, 8 and 10).
forms ZEM4 and ZEM5 of the ZEMa gene exist, as indicated by nucleotide sequences and conserved exon-intron boundaries. Splice sites are used in common, for example those of ZEM4 and ZEM1 or the 3' splice sites of ZEM5, ZEM3 and the first intron of ZEM1, and exon skipping occurs (see Fig. 3A ), both characteristics of alternative splicing mechanisms. Moreover, sequence analysis supported the conclusions (i) that corresponding amplification products exist in different maize tissues, (ii) that all the isolated transcripts are due to the expression of one gene, ZEMa, and (iii) that all the ZEMa transcripts isolated so far are expressed in the endosperm.
Splicing of alternative transcripts in maize endosperm
The RNA gel blot analysis indicated that certain spliced ZEMa forms were preferentially expressed in specific tissues, for example, the predominance of the ZEM1 spliced form in leaf (Fig. 5 ) and in 20 dap endosperm (Fig. 6 ). As our interest was mainly centered on the role of MADS box genes in endosperm development, an experimental model was created to investigate alternative splicing of ZEMa transcripts specifically in this tissue. This approach was necessitated by the very high homologies found between ZEMa, ZEMb and ZEMc (97% sequence identity in corresponding domains). In these circumstances, RNase protection experiments would fail to distinguish between splicing of the same transcript and expression of different but related genes.
The experimental model consisted of endosperm cells that were transfected via particle bombardment and used as an in vivo system monitoring differential splicing events in this tissue. The putative 5' alternative splicing of the first intron of ZEM1 and ZEM3 was chosen for analysis (see Fig. 3A ). N-translational GUS fusions with an exon 1-intron-exon 2-fragment arrangement of the genomic clone of ZEMa were constructed (Fig. 8) .
The fusions were performed in such a way that the resulting spliced transcripts will only preserve the GUS reading frame, depending on which splicing event takes place. To achieve this, the following point mutations were introduced.
(i) The construct ZEM1IN contained an insertion of one nucleotide in the exon fused to GUS (as indicated by a small arrow in Fig. 8) preserving the GUS open reading frame after splicing from the 2EM1 5 splice site.
(ii) In the ZEM3SUP construct, two stop codons were suppressed, both indicated by asterisks in brackets, enabling a readthrough into the GUS gene only if splicing from the ZEM3 5' splice site occured.
(iii) The natural stop codon of ZEM3 in the ZEM2/3 domain was also mutated in ZEM1IN (asterisks in brackets) to provide most equivalent constructs.
Thus, P-glucuronidase (GUS) activity obtained after expression of the construct ZEM1IN represents the splicing using the ZEM1 5' splice site, whereas GUS activity from the construct ZEM3SUP represents splicing using the ZEM3 5' splice site. The GUS activities of the two splicing constructs ZEM1IN and ZEM3SUP, (S), were compared with the activities of the corresponding cDNA GUS fusions cZEMl and cZEM3, (+) in Figure 8 . cZEMl and cZEM3 were also modified by the corresponding point mutations present in the genomic constructs (arrow in cZEMl and asterisks in brackets in cZEM3) to obtain an in-frame-reading of the GUS sequence. The comparisons provide an estimate of the splicing efficiency for ZEM1 and ZEM3.
In addition to the point mutations mentioned above, the GT at the 5' intron junction of the two splicing constructs (S) was converted to an AT to abolish in each case a functional splice site (36) and generate the splice site mutant controls ZEM1IN
AT and ZEM3SUP* 1 ", (-) in Figure 8 . Particle bombardments of 12 dap maize endosperm showed GUS activities of -60% for the use of the ZEM1 5' splice site when the (S) and (+) constructs are compared (Fig. 8) . The remaining GUS activity of 13% in the ZEM1 5' splice mutant ZEM1IN AT (-) might be due to splicing from the ZEM5 5' splice site which is located further upstream (see Fig. 3A ), but would also result in the same reading frame as splicing from the ZEM1 5' splice site, or to the activation of cryptic splice sites (37) generating the same reading frame. This result showed, nevertheless that most of the GUS activity obtained from ZEM 1 IN is due to a splicing event from the ZEM1 5' splice site and ruled out a mechanism other than splicing, such as the possibility of GUS arising from usage of internal start codons.
The GUS activity of ZEM3SUP (S) was -21% of cZEM3 activity (+), but the ZEM3 5' splicing mutant (ZEM3SUP   AT   ) showed similar activity. Thus, most of the GUS activity cannot be attributed to a fusion protein arising from the use of the ZEM3 5' splice site. Possibly other 'cryptic' splice sites are used when this site is mutated; alternatively, an internal ATG could be responsible for the residual activity seen in both ZEM3SUP and 
DISCUSSION
In the course of characterizing MADS box-related transcripts in maize endosperm, we have isolated ZEMa, a representative of a the exception of four conservative amino acid exchanges (Fig. 9,  shading) . Because the specificity of DNA-binding of SRF-like proteins has been shown to be governed by the N-terminal part of the basic MADS box region, including helix I in Figure 9 (19, 20, 50) , the putative target DNA-binding sequence of ZEM 1^4 may resemble that of the AGAMOUS protein (TTT/ A/GCC(A/T) 6 GGA/T/CAA) (51) .
Expression pattern of the ZEMa transcripts
The comparison of transcripts found in maize leaf, embryo and endosperm indicates that the gene ZEMa is expressed in all three tissues but also that certain spliced forms are generated preferentially in a particular tissue (for example, ZEM1 in the leaf and maturing endosperm). Other transcripts, such as ZEM4, are more uniformly present. A preferential expression pattern in certain tissues of alternatively spliced forms derived from MADS box genes was also observed for the human MEF2 gene family (21) . Alternatively spliced forms of the MEF2 (MEF2A) gene were preferentially expressed in muscle-related and neuronal tissues, although found in all cell-types investigated. The presence of a short exon in the mRNA of one form (aMEF2) increased tissue-selective expression compared with the same form without that exon (a*MEF2 = RSRFC9). Furthermore, tissue-specific alternatively spliced MEF forms existed together with ubiquitously distributed transcripts. The splicing pattern of the ZEMa gene shares several features with that of the MEF2 (MEF2A) gene. The exon skipping of exon 2 of ZEM1 resulting in ZEM4 is similar to the aMEF2/a*MEF2 exon exclusion (21) . As in the case of aMEF2, ZEM1 is preferentially, but not exclusively, expressed in specific tissues (leaf and maturing endosperm), whereas ZEM4, lacking the exon, is ubiquitously distributed, as was observed for a*MEF2.
Selection and function of splice sites in ZEMa
To date, few examples of alternative splicing in plants have been reported (52) (53) (54) , and the ZEMa gene described here is the first example in which tissue-specific splicing occurs. The transient assay used in this paper is based on GUS activity as a criterion for the gene fusion being in or out of frame depending on the splicing event taken place. The validity of quantitating GUS expression levels by counting blue spots has been demonstrated by others (55, 56) who have shown that the number of spots correlates well with promoter strength.
The transient expression studies in endosperm show that the use of the ZEM1 5' splice site is clearly preferred to that of the ZEM3 or ZEM5 5' splice sites in this tissue (Fig. 8) . The expression pattern of the ZEM transcripts also suggests the preferential formation of the ZEM1 transcript in maturing endosperm and in leaf (Figs 5 and 6 ). This implies the existence of either tissue-specific splicing components that recognize certain splice sites, or sequence-specific effects of the general splicing machinery.
Alternative splicing further increases the repertoire of protein variants available from the ZEMa gene over and above those produced by heterodimerization with other MADS box proteins and by post-translational modifications. The significance of this process in maize development must await functional tests in transgenic plants.
